phenyl]-acetamide compounds were studied. The dissociation constants were determined potentiometrically. The thermodynamic parameters of dissociation were evaluated. Regression analysis is applied for correlating the different parameters. The results help to assign the solute-solvent interactions and the solvatochromic potential of the investigated compounds. The electronic character of the substituent and the chemical nature of the solvent are major factors for the observed solvatochromism. Nitroso Pyridin-6-ylazo Triazene Effect of solvents Potentiometry Spectrophotometry
Introduction
Nitroso compounds are biologically active and have antibacterial and antiviral properties, have been extensively used as analytical reagents and are of potential importance to environment. These molecules have fundamental roles in processes such as catalysis, interaction of drugs with biomolecules and uptake of ions by living organism's [1] [2] [3] [4] [5] [6] [7] [8] . Moreover, certain pyrimidine-pyrazoles have been studied in the fight against cancer [9] [10] [11] [12] [13] [14] [15] [16] [17] . In our laboratory, Masoud et al. recently reported a detailed structural chemistry of azo and nitroso metal complexes [18] [19] [20] [21] [22] [23] [24] [25] [26] based on spectral and magnetic susceptibility measurements. The following paper aimed to study the stability of biologically active nitroso and nitroso-azo compounds (Scheme 1).
Experimental

Materials and solutions
Organic solvents included 1, 4-dioxane, ethyl acetate, acetone, acetonitrile, 2-propanol, ethanol and methanol were used. An accurate CO2-free 0.01 M solution of KOH was prepared by diluting standard 1.0 M solution. The exact concentration of KOH was determined by titrating against standard potassium hydrogen phthalate. The solution was preserved in a waxed bottle fitted with a CaCl2 tube.
1x10 -2 , 1x10 -3 mol L -1 Stock ligand solutions were prepared by dissolving the required weight in the proper solvent for solubility (ethanol and dioxane). More dilute solutions were prepared by diluting the stock. 0.01 M Stock solutions of the metal salts (Co(II), Ni(II) and Cu(II)) were prepared by dissolving the exact amount of metal salts in appropriate volume of distilled H2O. The exact concentration was determined by complexometric titration against standard 0.01 M EDTA solution using the proper indicator for each ion.
Potentiometric titration measurements
A Cole-Parmer instrument Company Model 60648 pH was used. The electrode system was calibrated before and after each series of pH measurements under the same conditions using standard buffers of pH 4.00 and 7.02. The titration cell consisted of 150 mL water jacketed vessel sealed with a polyethylene stopper in which appropriately located holes are present, one of them allowed the insertion of a 4 mL microburette accurate to 0.02 mL. The burette was filled by gentle suction exerted by a water pump and the KOH was protected from the atmospheric CO2 by a tube containing CaCl2. Another hole was used to insert the combined electrode. The titrations were recorded under purified nitrogen gas atmosphere. This procedure was applied to evaluate the dissociation constants of the organic compounds by introducing the appropriate volume of the organic compound into the titration cell in presence of 5 mL 0.5 M KCl solution and different percentages mol.L -1 of ethanol+water and dioxane+water media. It was left for about 15 min to attain the desired constant temperature controlled by using a thermostatic Techne Model U10 and titrating against standard KOH. During the whole titration, purified nitrogen gas was slowly bubbled in the solution. The same experimental setup was applied for studying the complex equilibria. 
Results and discussion
Effect of solvents on the electronic absorption spectra
It is known that UV-visible absorption spectra of chemical compounds may be influenced by surrounding medium where the solvents can bring about a change in position, intensity and shape of absorption bands [27] . The lack of reliable theoretical calculations of solvent effects in the past, and the inadequacy of defining "solvent polarity" in terms of simple physical solvent constants, have stimulated attempts to introduce empirical scales of solvent polarity, based on convenient, well-known, easily measurable, solvent-sensitive reference processes [28] . In order to predict spectral changes, it is necessary to find a set of physical parameters of the solvent-solute system that can be utilized in a predictive manner. Among the mechanisms proposed for interaction of solvent and solute molecules are hydrogen bonding, electromagnetic interaction between the dipole moments of solute and polar solvent [29] . Generally, the effect of solvents on the absorption bands of the substance consists in displacements and does not involve a fundamental change of the general form of the spectrum. In a sequel of continuation [30] [31] [32] [33] , the UV-vis spectra of DNR, NBDTD and DNRC (Scheme 1) were examined in various solvents. The solvents were selected to show a wide variety of solvent parameters such as dielectric constant, D, refractive index, n, and hydrogen bonding capacity to permit a good understanding of solvent-induced spectral shifts. Different one-, two-and three-parameter equations are applied using suitable combinations between the solvent polarity parameters E, K, M, J, H and N.
The parameter E is calculated from the wave number of the longest wavelength electronic transition of the negatively solvatochromic pyridinium N-phenolate betaine dye as probe molecule and is sensitive to both solvent-solute hydrogen bonding and dipolar interactions [28] . The dielectric function, K, of Kirkwood adequately represents the dipolar interactions and is related to the dielectric constant (D) of the solvent [34] . The functions H and J have been introduced to account for the non-specific solute-solvent interactions such as dispersion and dipolar effects [35] . These are related to the dielectric constant (D) and the refractive index (n) of the solvents, respectively. The functions M and N account for the solute permanent dipole-solvent induced dipole and solute permanent dipolesolvent permanent dipole interactions, respectively [36] . Table  1 collects the values of these solvent parameters [37] .
When a solute molecule with a permanent dipole is dissolved, both the electron distribution and the dipole distribution of the solvent molecules will be polarized to interact favorably with the solute molecules. On excitation, the direction and magnitude of the solute dipole change and consequently, the electronic distribution of the solvent will immediately respond to stabilize the new dipole. The electronic absorption spectra of the investigated compounds are collected in Table 2 .
The observed peak position of an absorption band Y of any of the investigated compounds in a given solvent has been expressed as a linear function of different solvent polarity parameters Xn, as follows:
where ao is the regression intercept. It has been assumed [38] to be an estimate of the peak position for gas phase spectra and a1, a2... an are the solvent polarity parameters coefficients. From the last equation, it is possible to solution by multiple regression technique to correlate the observed spectral shifts with these empirical solvent polarity parameters. A program of statistical package of social sciences (SPSS) was used. Tables 3-5 show the results of regression analysis for some electronic transition peaks of the investigated compounds. The multiple correlation coefficients (R) or (MCC) and the probability of variation (P) have been considered as a measure of the fit. The observed changes in UV-vis spectra recorded for the investigated compounds in various solvents can be categorized as follows: (1) absorption peaks become broader which is called solvent broadening, (2) the position of λmax differs in different solvents from the solvatochromism; [38] which can be either positive solvatochromism in which the shift in the peak position is subjected to hypsochromic effect or blue shift or negative solvatochromism in which the shift is bathochromic or red shift, and (3) peak intensity may differ in different solvents to give either hyperchromic effect or hypochromic effect. Better stabilization of the molecule in the first excited state relative to that in the ground state with increasing solvent polarity, will lead to positive solvatochromism. In this context, the first Franck-Condon excited state with the solvation pattern presents in the ground state [39] . The observed solvatochromism depends on the chemical structure and physical properties of the chromophore and the solvent molecules, which, for their part, determine the strength of the intermolecular solute/solvent interactions in the equilibrium ground state and the Franck-Condon excited state. The electronic spectra of the investigated compounds in different solvents are shown in Figure 1 .
The spectral bands of DNR, NBDTD and DNRC in the UVvisible region are generally due to n → π* (B band), π → π* (K band), and charge transfer (R band), Table 2 and Figure 1 . A strong band at the wavelength range 259-334 nm in most solvents used is mainly of the -* type followed by a number of longer wavelength bands (up to ~360 nm). The longer wavelength side is mainly of the n- * type. The two lone pairs of electrons of the azo group in DNRC and NBDTD are not the only interacting non-bonding electrons, since aryl group part of the molecules contains different substituents containing nitrogen and oxygen atoms. Thus, other n- * transitions are expected to take place from these nonbonding orbitals to different  * molecular orbitals. The extra - * transition at 204-257 nm in hydrogen bonding solvents (e.g. ethanol, methanol and H2O) is due to the presence of an external hydrogen bond affecting the K band [40] . The slight shift of max of the electronic spectral bands from alcohol (EtOH or MeOH) to H2O, Table 2 , depicts the presence of an internal hydrogen bond [41] , affected by the interaction with nelectrons blocked by the solvent leading to an increased localization of electrons. The delocalized 2p orbital with the neighbouring atom will necessarily be the one involved in bonding to the solvents.
DNR exhibits absorption maxima at the wavelengths of 243.6 and 476.4 nm that make it efficient chromophore although its color strength does not reach that of molecules having azo chromophores [42, 43] . This absorption band is assigned to the partly forbidden (nπ*) transition. This band shows positive solvatochromism upon increasing solvent polarity. This behavior is accounted as those molecules in the ground state are less polar than those in the excitation. This leads to a simplification of assumptions that DNRC with nonpolarized ground state are strongly polarized in protic solvents, because the high-energy, polar structure of the excitation state is stabilized. The excited state energy is lowered and the ground state is not significantly affected. The energy difference between ground and excited states is decreased so the excitation energy is decreased.
The approximation of the energy levels expresses itself in a bathochromic shift of the spectrum with increasing polarity of the solvent. A negative solvatochromism is noticed in solvents like ethyl acetate. This dipolar aprotic solvent destabilizes the polarized electronic state leading to a hypsochromic shifting. For DNRC with an electron withdrawing group on the azo benzene nucleus, solvatochromism is observed in the (nπ*) absorption upon increasing the electron withdrawing character of the substituents [44] . The lowest transition absorption band is assigned to (nπ*) transition while the other absorption band corresponding to the higher energy is assigned as (πσ*) transition. The high-energy band shows a positive solvatochromism in all solvents. The degree of the solvatochromic behavior is increased upon increasing the solvent polarity. The (nπ*) band shows a negative solvatochromism in all solvents. The spectral shifts decrease with gradual introduction of the more polar solvent. In presence of dipolar aprotic media such as ethyl acetate that act as proton acceptor in hydrogen bond formation with the acidic COOH group of the DNRC. However, these solvents have relatively high dipole moments. The dipole-dipole interactions with the solute molecules especially in their excited states will account for the blue shifts observed in these solvents. The energy of a charge transfer will increase as the strength of such hydrogen bonds increases. The observed marginal shift in the absorption maximum for the azo dyes may include other contributers than the ones created by the solvent. However, in addition to these shifts, a significant band broadening for the azo compounds with increasing solvent polarity was observed. It is concluded that solvatochromism is a useful indicator of the strength of hydrogen bonds and has been a good tool to assess their strengths. The blue shift for this band follows the order OH>COOH, in the opposite direction of inductive effect, because the involvement of the carboxylic group in intermolecular hydrogen bonding is more than that of the hydroxyl group.
DNRC and NBDTD seem to exist in their trans azo isomer form which possesses a lower steric instability than the cis isomer [45] and the following intramolecularly hydrogen bonded structures are expected to be the most stable (Scheme 2 and 3). The presence of an internal hydrogen bond is also suggested by the low degree of association of the investigated compounds in organic solvents. Such compounds could be represented as resonance hybrid, i.e. should contain a nonlocalized bond. This leads to the displacement of the B-and Kbands to longer wavelengths, because the polarity of the absorbing system (in its ground state) is increased by polarization. However, the effect of an internal hydrogen bond on R-bands is in contrast of B-and K-bands. So, the presence of an internal hydrogen [46] bond was supported by the characteristic blue shift of its maximum in ethanol and water, respectively [47] .
Only a negative solvatochromism is observed for all substituents using solvents which have the ability to form hydrogen bonding with the solute molecules, like 2-propanol, ethanol, methanol and water. It seems like when there is strong hydrogen bonding the push-pull effect is retarded. The opposite trend in the solvatochromic behavior of (nπ*) absorption for these compounds is observed in solvents like ethyl acetate. The electronic absorption spectra of the (DNR in dioxane and acetonitrile), (NBDTD in ethyl acetate, acetonitrile, dioxane and methanol) and (DNRC in acetonitrile, 2-propanol and methanol) exhibit three absorption bands, while the electronic absorption spectra of the (DNR in ethyl acetate and ethanol) and (NBDTD in ethanol) exhibit four absorption bands. The band at higher wavelengths is assigned to (nπ*) transition that is red shifted in all other solvents. The same behavior was found for the second absorption band which assigned as (πσ*). A third band appeared in the spectrum is due to localized aromatic rings of (ππ*) transition and shows a negative solvatochromism in all other solvents. Several one-, two-and three-parameter equations have been used to correlate the spectral shifts with various empirical solvent polarity parameters using the multiple linear regression technique. Each of the solvent parameters used has a fixed relative sensitivity to each of the various interaction mechanisms. The multiple correlation coefficients, MCC have been used in a one-tail test to obtain the level of significance for each test. The high value of MCC (near one) means that a certain solvent parameter has a good correlation to the spectral shifts. In other words, the spectral shifts for the peak are greatly sensitive to the solvent parameter that gives a value of MCC near to unity. Alternatively, the small value (near zero) of the significance parameter (P) means the correlation is good. The analysis of the spectral shifts of the high-energy transitions in all of the investigated compounds using one-parameter equation showed that the relatively best MCC value is obtained for the parameter M in case of NBDTD (Y2) which is sensitive to dipole-dipole interactions. in case of NBDTD gave the best correlations to the solvent-induced spectral shifts for the high-energy electronic transitions among all of the other parameters. This means that the solute permanent dipole-solvent induced dipole interactions and the dipolar interactions are the major factors affecting the solvatochromism in these cases, respectively. However, the parameter E gives a moderate correlation [MCC = 0.001] for DNRC, i.e. the intermolecular hydrogen bonding with the solvent is the effective parameter to explain the spectral shifts rather than the other parameters. This is probably due to the presence of the COOH group in the ortho position, which facilitates the formation of hydrogen bonds with the solvent. The correlation of the two-parameter equations with the solvent spectral shifts was also studied and gave, as expected, better fit to these spectral shifts than the corresponding oneparameter fits. Solvent's ability to form hydrogen bonds with solute molecules, which is reflected by the parameter E when combined with the previously mentioned parameters K, M or N is the reason for improving the correlations. For instance, when the parameter E is combined with the parameters [E (Y1) and N (Y2)] (DNR) and E (DNRC) the MCC values jumped to [0.959 and 0.617] and 0.655, respectively. The correlation is improved as expected on analyzing the spectral shifts using threeparameter equations and the best MCC values are observed. The best MCC value is obtained for the parameter K (0.831) (Y2) in case of NBDTD. This means the solvatochromic behavior for this transition in NBDTD is mainly controlled by the solvent's ability to form hydrogen bonding with the solute molecules. Form the values of MCC for the rest of the compounds; it is clear that one solvent parameter can not interpret the solvatochromic behaviour for this electronic transition alone. The correlation is improved as expected on analyzing these spectral shifts using two-and three-parameter equations. It was concluded that the parameters N, E and K are the major parameters affecting the solvatochromism when used in combinations. Thus solute permanent dipole-solvent permanent dipole interactions combined with the solvent's hydrogen bonding capacity and/or dipolar interaction are contributing mainly to the observed solvatochromism. Different combinations of the K, M, N parameters gave the best correlations. This means that in addition to K and N, the parameter M, which is related to the solvent refractive index and accounts for the solute permanent dipole-solvent induced dipole interactions should be involved in the interpretation of the observed solvatochromism. Thus, the determination of the solvent spectral shifts is controlled mainly by the dipolar interactions as well as both the solvent dielectric constant and the solvent refractive index. Generally, it was concluded that the addition of a third solvent parameter to the two-parameter equations always gave rise to improvements in the correlation with the solvent induced spectral shifts. In most cases, the different three-parameter combinations have been selected on the basis of the results of the two-parameter combinations discussed before. In a test for the significance of a one-tail test, the level of significance for all these different three-parameter combinations was found to be above 90%. This indicated that specific solute-solvent interactions in particular hydrogen bonding and non-specific solute-solvent interactions such as dispersion and dipolar effects had provided a reasonable model for describing the solvent induced spectral shifts in a predictive manner.
According to
where υ(solution) is the frequency of the peak maximum in presence of solvents; D, dielectric constant; n, refractive index; and υ(vapour), frequency of the peak maximum in absence of solvents.
Multiple regression technique was used in order to evaluate υ(vapour), K1, K2 and the correlation coefficients. The results are listed in Table 6 .
On plotting υ(solution) vs. X1 or X2, Figure 2 , the coefficients K1 and K2 and intercept υ(vapour) were calculated for each peak by using the procedure described above. The data in general point that both the dielectric constant and the refractive index of solvents affect the electronic spectral properties of the compounds, but with different degrees. The negative values of K1 and K2 indicate strong solute -solvent interaction, and causing decrease in energy of electronic transition from LUMO to HOMO compared with the vapor state. In each case, fits were obtained as a function of X1 alone, X2 alone, and both X1 and X2. As an indication of the fit, the sum of the squared residuals was calculated for each.
The data show strong dependence of the shift in λmax of [DNR on X1, DNRC on (X1, X2) and NBDTD on (X1, X2), Table 6 . This is inferred from the high positive values of MCC (multiple correlation coefficients) in case of DNRC. The MCC coefficients are in good agreement for the DNRC and NBDTD compounds. However, certain coefficients are poor for DNR compound.
Potentiometric titration studies
Acidity and stability constants were determined by using acid-base titration techniques of the free ligands: 2,4- The application of the potentiometric measurements depends on the evaluation of the average number of the protons associated with the reagent,nA [48] . This was determined at different pH's using the simplified following equation [48] :
dinitrosoresorsinol (DNR), o-carboxyazo-dinitroso resorsinol (DNRC), N,N`-bis-[4,4`-(1,3-diphenyl triazine)]-diacetamide
( 1 1 and AHPBA] by recording the pH at n = 0.5 pK1. The data are collected in Table 7 . The point-wise calculation [49] was used for the same purpose, where concordant results are obtained, Table 7 . (12) The plot of the lognA ratio versus pH gives the required pK values, Table 7 . A method reported by Martell et al. [50] was applied to calculate the dissociation constants of ligands where the equilibrium involved as follows: (17) (18) In the high pH buffer region, the concentration of the acid from (H2A) of the ligand may be neglected and so, compounds in aqueous and different percentages of ethanol+water media and dioxane+water media gave two pK's values based on potentiometric measurements are due to two hydroxy groups ionization [51] .
AHPBA, AHPBAEE, AHPA, NBDTD and APP compounds gave one pK value due to the carboxylic, hydroxyl, amino group's ionization. In the case of DNR and DNRC compounds in aqueous and different percentages of ethanol+water media and dioxane+water media gave two pK's values based on potentiometric measurements, due to the removal of a proton from the -OH groups [52, 53] .
The data obtained showed that, the pK values are dependent upon both the nature and the proportion of the organic co-solvent. In general, increasing the organic co-solvent content in the medium results in an increase in the pK value. According to Coetzee and Ritchie [54] , the acidity constants in a pure aqueous medium (Ka1) can be related to that in waterorganic solvent mixtures (Ka2) by the equation
( 1 9 ) where  is the activity coefficient of the subscripted species in a partially aqueous medium to that in a pure aqueous one. Since it is known that the electrostatic effects of solvents operate only on the activity coefficients of charged species [55] , the increase in the amount of the organic co-solvent in the medium will increase the activity coefficients of both H + and A -ions, this will result in a decrease in the acid dissociation constant (high pK value), which is consistent with the results obtained for the investigated compounds. The intramolecular hydrogen bonding gives rise to +S values whereas the hydrogen bonding to solvent leads to higher degree of solvent ordering with a -S value [53, 56] . The -S values for the most compounds in different percentages of ethanol+water mixtures are attributed to the predominant presence of intermolecular hydrogen bonding.
The isokinetic temperature relation for the plot of H # versus S # for pK1 and pK2 for the investigated compounds gives a best fit straight line. Figure 3 is based on the relation H =S, where the isokinetic temperature  value is obtained from the slope of the plot. The plot is of straight line relation and passes through the origin to satisfy the validity of this equation.
The effect of ethanol and dioxane on the behaviour of these compounds is discussed using another scope. We assume that the J factor represents a solvent-transfer number characteristic of the tested chemical reaction which can be attributed to the transfer of the solvent. The following equation [52] is tested:
[S] and G represent the solvent concentration and the free energy, respectively. The data are collected in Table 9 and 10. Y is plotted against X (Figure 4a,b) . Trail values of J = 1, 2, 3, 4, ... are used to find values of W for the gradients of Y vs. X. The data obtained may throw light on the role of aquation and solvation during the dissociation. 
Distribution of species
Different magnitudes of the formation constants of the complexes are manifested in different concentrations of the complex species. The concentration distribution of various (DNR, DNRC, AHPBA, AHPA, AHPBAEE, NBDTD and APP) and their complexes species in solution as a function of pH are calculated and plotted using SPE and SPEPLOT computer programs [57] . Examples are given in Figures 5, 6 .
From the plotting of the DNR species fraction and the pH in different % dioxane, depending on the pK values, one can extract the following points: 2-By increasing the % dioxane from 25% to 50% and then to 75% gave the same trend but the curves shifted to a higher pH. This leads to the fact that the pK values increases with increasing dioxane %, and this may be due to the dielectric properties of the dioxane that retard the dissociation of the DNR acid species.
3-The study of the Co, Ni and Cu complexes gave the same trend as the ligand, where on increasing pH the MH2L species decrease till it reaches a minimum at pH 7.5 while the MHL -species starts to increase starting from pH = 4.1 till reaching a maximum at 7.5 then decreases with increasing ML -2 species. The ML -2 species predominate at pH > 10. The difference between the complexes and the free ligand may be attributed to the electrophilic nature of the metal ion in the complexes. These metal ions attract electrons from the organic ligand and make its dissociation difficult. One can arrange the electrophilic nature as Co +2 > Cu +2 > Ni +2 , Figure 5 . 4-In case of ethanol, DNR gave the same trend, Figure 6 , where the species H2L, HL -and L -2 are present in the ligand curve but in case of complexes only M(H2L) and MHL -species are present. This may be due to the strong attraction between the metal ion and DNR as a ligand in ethanol, where DNR dissociate one H-ion to form an acidic coordination bond, so the complex would have one pK. 5-The strong interaction between the metal and the ligand makes the first hydrogen is readily to dissociate at pK=1.99-2.03.
Conclusion
The contributions of the refractive index and the dielectric constant of the solvents with the location of the peak position of the band in the vaporized state through two-parameter mathematical equation were explained using PC statistical program. It is concluded that the addition of a third solvent parameter to the two-parameter equations always gave rise to improvements in the correlation with the solvent induced spectral shifts. The correlation equation based on all solvent parameters is the best to get convenient statistical description of the relation. Multiple regression technique was used in order to evaluate υ(vapour), K1, K2 and the correlation coefficients. The data show strong dependence of the shift in λmax of [DNR on X1, DNRC on (X1, X2) and NBDTD on (X1, X2)]. The potentiometric titration measurements indicated that pK1 (6.39 -8.15 ) and pK2 (8.26 -12.11) values are strongly affected with the % of the co-solvent. The thermodynamic parameters of dissociation of the free organic compounds were evaluated. The isokinetic temperature relationship for the plot of ∆H versus ∆S based on pK1 and pK2 values gave best-fit straight lines. The effects of ethanol and dioxane solvents on the behaviour of the compounds were explained from hydration and solvation views during the course of dissociation. The formation constants of the complexes were evaluated by pH-metric measurements.
